Stimulation of p-nitrophenylphosphatase activity of Na+/K+-ATPase by NaCl with oligomycin or ATP.
It is known that the addition of NaCl with oligomycin or ATP stimulates ouabain-sensitive and K+-dependent p-nitrophenylphosphatase (pNPPase) activity of Na+/K+-ATPase. We investigated the mechanism of the stimulation. The combination of oligomycin and NaCl increased the affinity of pNPPase activity for K+. When the ratio of Na+ to Rb+ was 10 in the presence of oligomycin, Rb+-binding and pNPPase activity reached a maximal level and Na+ was occluded. Phosphorylation of Na+/K+-ATPase by p-nitrophenylphosphate (pNPP) was not affected by oligomycin. Because oligomycin stabilizes the Na+-occluded E1 state of Na+/K+-ATPase, it seemed that the Na+-occluded E1 state increased the affinity of the phosphoenzyme formed from pNPP for K+. On the other hand, the combination of ATP and NaCl also increased the affinity of pNPPase for K+ and activated ATPase activity. Both activities were affected by the ligand conditions. Oligomycin noncompetitively affected the activation of pNPPase by NaCl and ATP. Nonhydrolyzable ATP analogues could not substitute for ATP. As NaE1P, which is the high-energy phosphoenzyme formed from ATP with Na+, is also the Na+-occluded E1 state, it is suggested that the Na+-occluded E1 state increases the affinity of the phosphoenzyme from pNPP for K+ through the interaction between alpha subunits. Therefore, membrane-bound Na+/K+-ATPase would function as at least an (alphabeta)2-diprotomer with interacting alpha subunits at the phosphorylation step.